Indirect revascularization procedures centered on the parietal region, such as encephalo-myo-arterio
Introduction
Childhood moyamoya disease is characterized by progressive arterial stenosis or occlusion of the ma jor intracranial cerebral arteries and by development of extensive collateral circulation, including a fine network of vessels at the base of the brain referred to as the "moyamoya vessels."","' The major symp tom is cerebral ischemia. The pathogenesis of this disease is unknown, so no basic treatment has been established.
Therefore, the symptom of cerebral ischemia is treated by increasing the blood supply to the ischemic brain from the external carotid system using several types of vascular reconstructive surgery: superficial temporal artery-middle cerebral artery (STA-MCA) anastomosis,6) encephalo-myo synangiosis (EMS),') encephalo-duro-arterio-synan giosis (EDAS),11,16) encephalo-myo-arterio-synan giosis (EMAS),18-20) encephalo-duro-arterio-myo synangiosis (EDAMS),10) omentum implantation, 8) and combinations of these procedures. In childhood moyamoya disease cerebral cir culatory insufficiency occurs in the frontal lobe. The regional cerebral blood flow (rCBF) of the frontal lobe is reduced") and the frontal rCBF decreases as a result of hyperventilation,') because the MCA and anterior cerebral artery are affected at practical ly the same time. Therefore, resolution of this fron tal lobe ischemia is a very important target of sur gical revascularization.4,24) However, most indirect bypass procedures such as EDAS, EMS, and EMAS achieve vascular reconstruction centered on the parietal region. The anterior branch of the STA is not used because it travels through the forehead area. Only the posterior branch is used, and the craniotomy is centered on the parietal region. Fol low-up angiography studies ",",", 18,19) show that the collateral vascular channels linked to the ex ternal carotid system are localized in the operative field. The collateral circulation flows through the cortical branches of the MCA peripherally, but proximal flow is retrograde, because moyamoya disease is characterized by multiple stenotic and/or occlusive lesions of the cortical arteries.') This con trasts with the findings in atherosclerotic steno-oc clusive disease. Therefore, circulation to the central parietal-temporal area improves angiographically, but collateral formation to the prefrontal area is in evitably inadequate.
Another problem is that some cases are refractory to indirect procedures. ',',",") To solve these problems, we have created anastomoses between the anterior branch of the STA and cortical branch of the MCA in the frontal region since 1986. Here, we compare the postoperative angiographic and clinical findings of conventional synangiosis centered on the parietal region and anastomosis with synangiosis centered on the frontal region.
Materials and Methods
Twenty children with moyamoya disease were surgically treated in the Department of Neurosur gery, Hokkaido University Hospital. A total of 40 cerebral hemisphere operations were performed.
From 1982 to 1985, only synangiosis was per formed centered on the parietal region. Only the posterior branch of the STA was used, since the anterior branch often naturally forms a collateral channel. A horseshoe-shaped scalp incision was made around the posterior branch of the STA above the ear, and a wide craniotomy performed in the parietal region. The middle meningeal artery (MMA) was preserved as extensively as possible. The posterior branch of the STA was laid on the exposed cortex and then covered with temporal muscle.
When the MMA was preserved, an EDAMS procedure was used (Fig. 1 left) , and when damaged, EMAS.20) When the posterior branch of the STA could not be used, the cortex was covered with muscle alone (EMS).
From 1986 to 1991, anastomosis combined with synangiosis centered on the frontal region was per formed to "use all vessels capable of providing future collateral circulation." ",'9) Both the anterior and posterior branches of the STA were utilized. The scalp incision was made directly above the posterior branch of the STA, and from the midway point the scalp incision was extended anteriorly away from the posterior branch of the STA, to reduce ischemia in the scalp. Both the anterior and posterior branches of the STA were adequately dissected, but not cut. Any lateral branch of the STA was also sufficiently dissected and then cut. A burr hole was made over or near the arterial sulcus of the MMA, and after con firming the MMA, a wide craniotomy centered on the frontal lobe was made, preserving the vessel. A window-like incision was made in the dura mater without cutting the MMA. If STA-MCA end-to-side anastomosis in the frontal lobe was possible with the lateral branch of the anterior branch of the STA, the anterior branch of the STA was laid on the exposed cortex. When the lateral branch of the anterior branch could not be used, the anterior branch was cut peripherally, and after adequate drawing over the exposed cortex, the cut end of the anterior branch was anastomosed to one of the frontal branches of the MCA. If a preoperative CBF study revealed another low-perfusion area other than the frontal lobe, the posterior branch of the STA or its lateral branch was also anastomosed to the cor tical branch of the MCA in the low-perfusion area. The largest possible area of the exposed cortex was covered with temporal muscle (STA-MCA anas tomosis with EDAMS) (Fig. 1 right) . If the MMA was damaged during the craniotomy, EMAS was performed for indirect revascularization.
When both the anterior and the posterior branches of the STA were anastomosed, encephalo-duro-myo-synangio sis (EDMS) or EMS was performed for indirect re vascularization.
EDAMS was performed on two sides in one pa tient, EMAS on six sides in three patients, and EMS on two sides in one patient. STA-MCA anastomosis was performed on 25 sides in 15 patients with EDAMS, on three sides in three patients with EMAS, on one side in one patient with EDMS, and on one side in one patient with EMS.
The 40 sides were divided into two groups accord ing to the surgical procedure; a "parietal synangiosis group" of 10 sides in five patients (EDAMS, EMAS, and EMS), and a "frontal anastomosis group" of 30 sides in 15 patients (STA-MCA anastomosis com bined with either EDAMS, EMAS, EDMS, or EMS). A: Skin incision and crani otomy.
B (left): The MMA and posterior branch of the STA are dissected and laid on t he exposed cortex.
B (right): The MMA and both anterior and posterior branches of the STA are dissected and laid over the cortex, with the lateral branches of the STA end-to -side anastomosed to the cortical branch of the MCA.
C: The exposed cortex is covered with temporal muscle (TM).
D: Cranioplasty. The arrow indicates the end-to-side anastomosis be tween the STA and the cortical branch of the MCA.
BC: bone chip, BF: bone flap, DM: dura mater, SSV: superficial Sylvian vein. Collateral formation was reviewed using external carotid angiograms taken 6-12 months after surgery. A transparent plastic template 21) was superimposed on the lateral view of the postoperative external carotid angiograms. The degree of opacification in each cortical branch of the MCA was evaluated for each patient using a four-step scale according to the area of the MCA cortical branch distribution sup plied: 3 points, when two-thirds or more of the area was covered; 2 points, when between two-thirds and one-third was covered; 1 point, when less than one third was covered; and 0 points, when no perfusion was observed.
Complications occurring within 1 month of surgery were assessed on the basis of medical records.
Postoperative follow-up examinations were con tinued for 2 years after bypass surgery. The neurological outcome was evaluated according to the frequency of ischemic attacks during the year follow ing surgery: excellent when cerebral ischemic attacks had stopped, and good when the frequency of cerebral ischemic attacks had diminished. The surgical effects were evaluated on the 40 operated sides based on the symptoms.
The intelligence quotients (IQs) of five patients in the parietal synangiosis group and 11 patients in the frontal anastomosis group were studied using Wechsler Intelligence Scale for Children-Revised 21) at least 6 months after surgery, to investigate the relationship between the operative method and the IQ. The classification of the IQ was: normal (IQ >_ 80), borderline , and mental retardation (IQ < 69). Since the IQs of patients who underwent surgery before 1987 and that of patients under 5 years old were studied using other tests, pre and postoperative IQs could not be compared. (Fig. 2, Table 2 ). In contrast, the frontal anastomosis group had very good collateral forma tion to the orbitofrontal, prefrontal, and precentral arteries, and was better than in the parietal synangiosis group even in the parietal and temporal lobes (Fig. 3, Table 2 ). However, even though the cortex was included in the operative fields in both groups, there were also areas where neovasculariza tion did not occur as a result of indirect revasculariza tion (Figs. 2 and 3) . Overall examination of the angiograms in both groups suggested that a wider craniotomy generally resulted in better neovascu larization from the MMA and the deep temporal artery.
II.
Complications In the parietal synangiosis group, two sides (20%) in two patients exhibited ischemic symptoms either immediately postoperatively or in the early postoperative period. All symptoms were transient. In the frontal group, no patient showed deteriorating postoperative symptoms either immediately post operatively or in the early postoperative period, al though two sides (7%) in two patients developed in farcts after crying, both in the latter half of the sec ond week. The incidence of complications in the fron tal anastomosis group was lower than in the parietal synangiosis group, but there was no significant difference. Fig. 3 was performed, and we have also experienced a case refractory to the indirect procedure which needed another anastomosis procedure." Matsushima et al. "I compared surgical results after indirect and direct revascularization pro cedures, and found that STA-MCA anastomosis with EMS in the parietal region was superior to EDAS in the parietal region in both development of collateral circulation and postoperative clinical im provement, as in the present study. They concluded that direct anastomosis should be the treatment of first choice. We would like to emphasize that the MCA cortical branch of the anastomosis should be selected on the basis of the preoperative CBF study. However, Karasawa et al.,') based on follow-up caroti,d angiography, found that the STA-MCA anastomosis became increasingly obstructed even though the cortical branches of the MCA were opacified through the fine network produced in the region of the anastomosis. Therefore, both the anterior and posterior branches of the STA should be utilized as synangioses to extend the potential area for neovascularization as widely as possible over the ischemic brain surface. If possible, the side branches of the STA should be anastomosed to frontal cor tical branches of the MCA and other cortical branches in the low-perfusion area. When the lateral branch of the STA cannot be used, the an terior or the posterior branch of the STA should be cut peripherally, and after drawing over the ex posed cortex, the cut end of the STA should be anastomosed to the MCA. In addition, all vessels that might serve as future collateral channels, in cluding the MMA and the deep temporal artery, should be utilized.
Some authors have claimed that STA-MCA anastomosis procedures have some considerable disadvantages: the anastomosis is difficult to per form, and some patients deteriorate after anastomosis because of the temporary stasis of blood needed in the cortical artery for direct anastomosis.11,20,261 An STA-MCA anastomosis is difficult to perform in patients with childhood moyamoya disease because the arteries anastomosed are very small, with an outer diameter ranging from 0.5 to 1.0mm, 6) and ar e thin and fragile like veins.") In addition, the ostia of arteriotomies become invisi ble because of their transparency after the blood in the lumen flows out. Staining of the ostium of an arteriotomy with a pyoktanine blue solution can pro vide visualization,') allowing rapid identification of the ostium and performance of the correct anastomosis. In addition, we select the lateral branch of the anterior or the posterior branch of the STA as 
